In this paper, we examine the experimental situation in which the directional flux of electrons (and beam emittance) at the anode is specified and the beam is allowed to propagate through a drift tube immersed in a strong axial guide field and a linear (i.e., planar) wiggler. Using nonlinear particle orbits obtained earlier, the distribution function of the electrons at any point along the drift tube is determined from the equation of continuity in phase space. The electron density is then obtained by an integration over momenta. Unlike the calculations in Ref.
1, an analysis using these orbits permits us to treat the case where there ■3-is a resonance between the gyromotion of the electrons and the effective axial periodicity in parallel particle velocity induced by the wiggler.
In addition, the radial dependence of the wiggler field is allowed for.
V, -4'--: ■ II. MATHEMATICAL ANALYSIS :: -. -We begin by choosing a rectangular coordinate system with the anode at its origin and the drift tube oriented along the positive z axis. In Ref. 2 it is argued that in the presence of an axial guide field it is natural to introduce the variables y, 9, X, Y which are defined as follows:
(X)
Here f2o = qHo/mc is the gyrofrequency of a particle with charge V q and (rest) mass m in a magnetic field of intensity Ho. The canonical momenta P , p , p are related to the particle's velocity components It is shown in Ref.
2 that for sufficiently small wiggler fields (measured by e E 6H/HO) the motion of the electrons can be locked onto a single resonance, with the particles strongly influenced by this resonance but mildly so by adjacent harmonics. This resonance condition has the form £0+kzsO for some integer £, where z is the particle's axial velocity.
It is further shown that in this case the motion is nonstochastic, and explicit integration of the equations of motion is possible. For freeelectron laser applications it is imperative to limit the strength of the wiggler in order to avoid stochastic motion. The electron density at r is given by
where f(r,p), the electron distribution function, satisfies the conservation equation in six-dimensional phase space. Given this, it is clear that the electron density as a function of the distance along the drift tube in the steady state may be written s-...
n(r) = /dHf[^(7,^), ?(f,^)] . . (4)
where [^{r,p), ?(r,p)] is the phase space orbit of an electron which starts at the anode and reaches the point (r,p) = (x,y,z,p) at the axial location
The final assumption of this work involves specifying the distribution function f at the anode. We shall assume *■ ' '
where C is a normalization constant, 9(-) is the Heaviside unit step function, Ro is the anode radius, R = (x +y )^ is the radial distance of the point • -' ^ v
Given the distribution function and the (canonical) transformation (1), we proceed with the determination of n(r). Since the Jacobian of (1) is m|fio| (so that dp^dp dxdy ^ ml^io [dedydXdY) we insert f into expression (4), integrate over p , and obtain
where the factor 1/2 arises from the neglect of backward propagating particles, and the gyroradius p E (2y/mf]o)^ relates the particle (x,y) and
In order to complete the integration in (7) an explicit description of the particle orbit [K(r,p), ^(r,p)] is needed. The calculation of these orbits is presented in the Appendix. Having determined them, (7) reduces to a double integral in y and 9 which can be evaluated using numerical techniques. Although y appears to vary over a semi-infinite interval, the presence of a Gaussian-like integrand effectively reduces the region of integration to finite size. As z is varied, the size of this region is adjusted dynamically in order to include all significant Circles R^ and R^ are gyro-oribts that bound this most probable value, and are populated with '^^10" of the number of particles at resonance.
As we move forward in space from the anode, the particles in the relevant orbits (denoted by the shaded regions) move outside A and the density at 0 falls. For£== 2, the resonance condition £ §+kz=0 implies that in one wiggler wavelength (3 cm) the particles complete about half of their ■11-gyro-orbit and the density should be minimum. Over a distance of two wiggler wavelengths the particles return to their original locations (in the limit where all parallel momenta are identical) and the density is again at its peak. Furthermore, while the parallel temperature is seen to increase by about two orders of magnitude it is still not very large in absolute terms, roughly 10 keV at z = 24 cm, for e = 1/128.
As is well-known, ' the high gain and conversion efficiency associated with the operation of a free-electron laser in the Raman regime is predicated upon the availability of a cold electron beam having {S^^)/y^ < (A/2Y-^/2)(a)p/2c), which may be rewritten as
Here bo j is the frequency of the emitted radiation, w is defined in (2), and 2 2 --&y and 6v denote the spread in y = (1-V /c ) ^ and v , respectively. case. For the upper curve in Fig. 6 the depth of modulation, defined
is to be expected since the gyroradius and anode radius are the same in both cases. Since £ = 3, one also expects the density modulations to have a 9 cm wavelength, which is clearly evident in Fig. 6 .
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IV. CONCLUSION
The successful operation of a free-electron laser is strongly dependent on the quality of the electron beam employed. It is known that both the laser gain and the coherence of the radiated electromagnetic energy may be adversely affected by density fluctuations in the beam or spreads in parallel electron speed. In this paper we have examined an electron beam propagated through an axial guide field and a linear (i.e., planar) wiggler. By employing single particle orbits, the density and temperature of the beam as functions of distance from the anode have been determined. We present results which indicate that, unless care is taken, rather substantial modulations in beam density can be expected. In examining the density both on and off axis for various wiggler field strengths, we have found that these modulations increase both as the edge of the beam is approached, and as the wiggler strength is increased. This occurs for wigglers whose field strength is relatively small compared to the guide field. As a rough criterion for suppressing significant density fluctuations, we conclude that the electron gyroradius must be a small fraction of the beam radius. Moreover, the initial spread in the parallel speeds of the electrons must be small and the variation in this parallel speed induced by the wiggler must be comparable to this spread or smaller.
This may result in the need to limit the strength of the wiggler, otherwise operation in the Raman regime may not be possible.
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APPENDIX: SINGLE-PARTICLE ORBITS
In this appendix, the single-particle equations of motion are inte- This may be inserted in (A4), (A7) and (A8) yielding the orbits needed to perform the integration in (7). Other parameters are the same as those in Fig. 1 . 
